Background: An accurate diagnosis is the foundation for determining prognosis and appropriate management. This study adds to pre-existing (albeit limited) evidence by exploring the use of diagnostic techniques amongst dental practitioners. The main aim of the study was to identify the availability, usage and clinician preference for specific diagnostic tests. A secondary aim was to investigate the use of diagnostic tests for common clinical scenarios. Methods: A cross-sectional survey was distributed online to dental practitioners registered with the Australian Dental Association. Quantitative data on clinician demography, and the availability and preference of diagnostic tests was summarized with Stata 13 software. Pearson's chi-squared test was used to determine associations. Results: General dental practitioners (GDP) and specialists comprised 86% and 14% of the 433 respondents, respectively. Unlike light transillumination, most GDP had radiography, biting tests and pulp sensibility tests available. The electric pulp test and ethyl chloride were first choices of most practitioners despite markedly lower availability relative to cold spray. Symptoms and endodontic assessments generally attracted wider usage of pulp testing.
INTRODUCTION
An accurate diagnosis facilitates the success of dental treatment and long-term prognosis. 1 Diagnosis is 'the art of identifying the problem and using scientific knowledge to determine the cause of the problem'. 2 The diagnostic process involves the formulation of a provisional diagnosis from the medical and dental history, and the specific history of the presenting complaint. This is correlated with results from the clinical examination and a series of diagnostic tests to arrive at a definitive diagnosis. An accurate definitive diagnosis is the foundation for determining prognosis and an appropriate dental management plan. 2, 3 A comprehensive endodontic diagnosis requires tooth identification, pulp, root canal and periapical tissue status, as well as the cause(s) of the disease. 3 Evidence reporting the use of diagnostic tests by dental practitioners is limited. A survey distributed to 150 general dental practitioners (GDP) in the UK in 1996 demonstrated that pulp sensibility tests were infrequently used in clinical practise. 4 Pulp sensibility tests are used to replicate triggers and symptoms to assess the status of the pulp based on qualitative sensory responses. No single pulp testing technique can accurately diagnose all pulp conditions. [5] [6] [7] Therefore, an endodontic diagnosis is best achieved by using multiple tests. Additional diagnostic techniques to support pulp sensibility tests include radiographic examination and periodontal probing. These procedures are recommended for all routine dental examinations, especially when pulp and/or periapical pathosis is suspected. 3 Radiographs allow identification of the possible causes of the disease and visualization of radicular and/or periapical involvement. 3 Santini noted that GDP surveyed in the UK relied more on radiographs and dental history than pulp sensibility tests to formulate a pulp diagnosis. tests such as percussion, palpation and biting tests to determine the periapical status of the tooth. 3 The challenge in diagnosing dental pulp conditions reflects the need to employ more than one diagnostic test. 6, 9 The choice and interpretation of diagnostic tests is subjective and varies with experience, training and knowledge, 10, 11 and there appears to be a lack of consensus concerning endodontic diagnosis. Therefore the aim of this study was to investigate the use of diagnostic techniques, with an emphasis on pulp testing, amongst dental practitioners in Australia.
METHODS

Ethics approval
The Human Research Ethics Committee of the University of Western Australia approved the survey (RA4/1/7588) in accordance with its ethics review and approval procedures.
Study design
An online cross-sectional survey was used for data collection. The survey was designed to collect a variety of information such as diagnostic procedures employed by practitioners (including their ideal preferences as well as procedures that are available in their practice) and diagnostic scenarios. The clinicians' demographic characteristics were also collected (including their level of training and rurality), The Australian Standard Geographical Classification (ASGC) was used to determine practice rurality in the form of a geographical map. 12 The survey was designed for timely completion between 5 and 10 min using an online survey software program (Qualtrics, Provo, UT, USA).
Pilot testing
The survey underwent a pilot-testing phase prior to its dissemination. Ten GDP practising in Western Australia were chosen for the survey trial. Six practitioners completed the survey and their feedback was compiled. Key amendments to the survey based on the feedback received were: (i) incorporating 'caries diagnosis' as an objective of transillumination; (ii) altering the colours on the ASGC location map for easier visualization; and (iii) rearranging questions for improved coherence.
Survey dissemination and sample recruitment
Following pilot testing and minor modification of the survey, a letter was sent via email to all seven state and territory branches of the Australian Dental Association (ADA) (comprising New South Wales, Northern Territory, Queensland, South Australia, Tasmania, Victoria and Western Australia). All ADA branches were invited to distribute the study invitation letter to its members (comprising dentists and dental specialists) by forwarding the email. The invitation letter provided a concise description about the project and the objectives. It also contained a hyperlink to the study portal webpage that disclosed background information about the study. Consent was assumed when prospective respondents clicked on the participation button that directed them to the survey. Participation was anonymous and required completion of the survey. During the recruitment phase, the survey remained active for approximately 3 months with a follow-up reminder emailed approximately 1 month following the initial invitation to participate.
Data analysis
Data were downloaded on a daily basis from the online data collection software (Qualtrics). The data were analysed using Stata 13 software (StataCorp, College Station, TX, USA). Simple descriptive statistics were used to describe the collected data in terms of frequencies and percentages. Categorical variables were reported as percentages and a chi-squared analysis was used to determine the presence of an association. Data from incomplete surveys were excluded from analysis.
RESULTS
Demographic characteristics of study respondents
There were 433 respondents to the survey and their demographic data are summarized in Table 1 . Although specialists from a range of specialties responded to the survey, the majority of participants (86%) were GDP who worked in the private sector. Practitioners from major cities of Australia constituted the majority of respondents (67%). There were minor differences between the GDP and specialists in instrument selection for their routine examination tray setup ( Table 2 ). The most common instruments used by GDP respondents were mirrors, tweezers and sickle probes. A comparatively lower proportion of specialists possessed each of these instruments as part of their routine set-up.
Availability and usage of diagnostic tests
Pulp sensibility tests, radiography and biting tests were widely available and utilized when needed (Table 3) . Compared with these diagnostic tests, light transillumination was uncommon and less utilized by responding GDP. There was no association between the remoteness of practice location and the availability of diagnostic tests (P = 0.430). The cold spray test was the most widely available pulp sensibility test (Table 4) . Despite a significantly lower availability of ethyl chloride and electric pulp testing (EPT), these methods of pulp sensibility testing were reported to be the ideal first choices (if they were available) for GDP and specialists, respectively (Table 5 ). GDP respondents generally preferred to utilize at least two methods of pulp sensibility testing with more than half of all GDP reporting a change in pulp test use over time (Tables 6 and 7) .
Scenarios triggering pulp sensibility testing
Utilization of pulp sensibility testing was dependent on clinical scenarios (Table 8 ). The most commonly reported scenarios that warranted pulp sensibility testing included usage prior to endodontic treatment, dental trauma management, presence of a radiographic periapical radiolucency, and prior to crown or bridge restoration. Fewer GDP respondents reported using pulp sensibility testing when they encountered pus, Note: this question assumed that practitioners had all forms of pulp sensitivity tests at their disposal). GDP = general dental practitioner. swellings or draining sinuses compared with other symptoms and signs. A significant association (P < 0.001) was observed between the number of scenarios warranting pulp testing (Table 8 ) and the subsequent use of available diagnostic tests (which comprised pulp sensibility testing, radiography, light transillumination and biting tests, as per Table 3 ). The number of scenarios that warranted pulp test use was also significantly associated with the preferred number of pulp sensibility tests as represented in Table 6 (P < 0.001). Furthermore, a significant association was detected between the latter and the routine pulp testing of adjacent teeth in the event of dental pain (P < 0.001).
Periodontal probing
A greater proportion of GDP who reported having a periodontal probe on their routine tray set-up also used this instrument during routine clinical examinations (76%) or dental pain investigation (63%). The association between the number of scenarios warranting pulp tests (Table 8 ) and the use of a periodontal probe in the event of dental pain as represented in Table 9 (P = 0.009) was significant. However, there was no significant association with the other scenarios listed in Table 9 .
Light transillumination
A greater proportion of GDP respondents utilized light transillumination for the investigation of suspected cracks compared with caries diagnosis, routine examinations, and during restorative or endodontic treatment. Significant associations were observed between the preferred number of pulp testing methods for diagnosis (Table 6 ) and various clinical scenarios warranting the use of light transillumination (Table 10 ). These scenarios comprised light transillumination for caries diagnosis (P = 0.001) and light transillumination for all cases during endodontic or restorative treatment (P = 0.001).
Associations concerning changes in pulp testing behaviours
Changes in pulp test use over time (Table 7) were significantly associated with the majority of the scenarios that warranted light transillumination use (with the exception of routine examinations) as represented in Table 10 (P = 0.06). The use of this technique for caries diagnosis (P = 0.016), crack detection (p = 0.012) and routinely as part of endodontic or restorative treatment (P = 0.021) were all significantly associated. The number of scenarios warranting pulp tests (Table 8 ) and the number of diagnostic tests that are routinely used when needed (Table 3) were also significantly associated with the change in practitioners' use of pulp tests over time (P = 0.001 and P < 0.001, respectively).
DISCUSSION
At present, there are no known studies investigating the diagnostic procedures used by Australian dental practitioners. Survey questionnaires were distributed to both GDP and specialists who were members of the ADA. A study by Santini that also investigated diagnostic procedures focused on GDP attending endodontic postgraduate courses in the UK. 4 The ratio of GDP to specialist respondents in the present study is similar to that of the Dental Board of Australia's registrants in 2016. 13 The most common demographic group of survey respondents were GDP who worked in the private sector within metropolitan cities and this is considered as reasonably representative of the profession.
Availability and usage of diagnostic tests
The most commonly available pulp sensibility test was the cold spray test (85% of GDP). The specificity of this test varies 10-98% with a sensitivity exceeding 75%. 6 No respondents chose the cold spray test as their first choice of pulp sensibility testing despite its wide availability. EPT and ethyl chloride were considered to be more desirable despite not being as readily available. The EPT has almost 100% accuracy but can produce false results in healthy immature teeth and teeth with pulp canal calcification.
14 It is interesting that ethyl chloride was one of the first choices of pulp sensibility tests when other more effective tests are available. Ethyl chloride is a traditional refrigerant with a reported accuracy of less than 50% and has been superseded by more effective agents over time such as dichlorodifluoromethane.
14 Major dental supply companies in Australia currently do not list ethyl chloride as a product in their catalogues. It is therefore highly probable that the 21% of GDP who reported having this test available were more likely referring to other cold spray gases. Hence, the findings describing cold spray testing are likely to be underestimated, with the availability of this test likely to exceed 85%.
It is encouraging that GDP respondents generally preferred to utilize at least two methods of pulp sensibility testing. All pulp sensibility tests have limitations. The risk of false responses is dependent on the situation in which specific tests are used.
14 It is best to use more than one form of pulp testing to verify pulp status for an accurate diagnosis. Santini previously reported that ethyl chloride was more widely available in the UK (62% compared with 21% of GDP in this study). 4 However, EPT was not as widely available in Santini's study (11.3% compared with 31% in this study). 4 No significant association was detected between the remoteness of practice location and the availability of diagnostic tests (P = 0.430), which indicates that the availability of diagnostic tests did not vary considerably with rurality. No existing studies have compared both variables. However, it is possible that diagnostic test availability may vary between rural categories due to equipment availability. In terms of usage, almost all respondents in the present study (99.1%) reported using pulp sensibility tests. Although this survey did not enquire about the usage of specific pulp tests, Santini found that more respondents utilized 'hot thermal' tests compared with 'cold thermal' tests (67.6% and 31.9%, respectively) and EPT was only used by 6% of practitioners. 4 As for pulp sensibility testing, this study also demonstrated minimal variance between the availability and usage of radiographic facilities. However, Santini detected a significant disparity, reporting that 69.6% of respondents utilized radiographs despite it being available across all practices. 4 The present study also found that a significant proportion of practitioners have increased their use of pulp sensibility tests over time. Plausible reasons for this finding include increased clinical experience, participation in continuing education courses, and increased availability and access to pulp tests. Irrespective of the reason, this finding highlights the increased diagnostic value of pulp tests to clinicians.
Periodontal probing is crucial in determining the periodontal status during routine examinations or periodontal involvement during dental pain investigation. 9 Of the GDP who had a periodontal probe on their routine tray set-up, 76% used this instrument during routine clinical examinations and 63% used it for dental pain investigation. Both GDP and specialist respondents who used pulp tests more frequently would also use a periodontal probe to investigate dental pain (P = 0.009). A study of Turkish GDP found that the frequency of periodontal probing during clinical examinations decreased from 70% to 40% as the clinical experience of the dentist increased from 10 years to more than 20 years. 8 Although the present study did not consider the longevity of clinical experience of survey respondents, these findings support the *Proportion of GDP or specialists who indicated that they would routinely utilize light transillumination when required (160 GDP and 22 specialists). GDP = general dental practitioner.
view that the use of periodontal probes as part of the examination process can be improved. 4 Light transillumination serves as an auxiliary aid in the detection of cracks and caries. 15 However, this method was reported to be less commonly available (60.9% of GDP) and less utilized (71.8%) than pulp sensibility testing, radiography and biting tests. Possible reasons for the lack of availability and use of this tool include preference for the use of biting tests for crack detection, and the dentist's perception that radiography and visual examination may be adequate techniques to detect caries.
Scenarios triggering the use of pulp sensibility testing
According to Abd-Elmeguid and Yu, the assessment of pulp sensibility is critical in scenarios where radiographs do not demonstrate obvious pathosis. 2 Such scenarios include trauma (which may lead to pulp necrosis and infection, inflammatory root resorption, and so forth) or compromised teeth that are potential bridge abutments (which may result in pulp necrosis and infection with apical periodontitis). The majority of the respondents indicated the use of pulp sensibility testing for both scenarios (85% and 72%, respectively). Pulp sensibility testing can thus facilitate early detection of disease and prevent direct costs (e.g. unfeasible treatment) and indirect costs (e.g. time spent on certain treatment).
Few studies have investigated the use of diagnostic tests for specific scenarios. For example, Santini reported that 69.3% of practitioners always took radiographs when diagnosing a painful tooth. 4 However, the use of pulp sensibility tests in such a scenario was not reported. Although this study did not investigate which scenarios warranted the use of a radiograph, at least 80% of practitioners reported the use of pulp sensibility tests when patients presented with sharp pain associated with extreme temperatures, tenderness to percussion, pain on biting or pressure, and/or lingering pain. Despite these high proportions, it is an expectation that all dentists should utilize pulp testing when such scenarios present (and likewise with other scenarios such as following trauma, prior to commencing endodontic treatment or an indirect restoration, e.g. a crown or bridge). 16, 17 Clinicians who did not utilize pulp testing in these scenarios make diagnostic decisions on the pulp status based on symptoms alone. 4, 18 The risk of an incorrect diagnosis is higher if clinicians fail to gather all relevant information. 16, 17 Despite their limitations, pulp sensibility tests are essential diagnostic aids in the assessment of the pulp and periradicular tissue status. 5 It is ideal to perform pulp testing and periodontal probing of all teeth prior to commencing treatment as failure to do so may conceal underlying disease. Pulp testing in combination with other investigations increases the accuracy of diagnosis. 5, 18 Thus, this technique should not only be utilized when radiographic findings are inconclusive, but also as an essential component of a complete diagnostic examination. This study found that the majority of practitioners who have pulp sensibility tests, biting tests and radiographic facilities available at their practices also utilize these tests although less often than recommended. 16, 17 This favourably suggests a degree of reliance being placed on diagnostic tests as opposed to making diagnostic decisions in an intuitive manner.
Associations concerning changes in pulp testing behaviours
The clinical attitudes of GDP were also assessed in this study. There is a significant association between the preferred number of pulp testing methods (Table 6 ) and the number of scenarios of pulp test use ( Table 8 ), indicating that those who utilize more pulp testing techniques also use pulp testing to investigate a broader range of scenarios. The association between the latter and the number of diagnostic tests routinely used when needed (Table 3 ) was also significant. Additionally, GDP who utilized multiple pulp testing techniques also routinely pulp tested adjacent teeth. Despite light transillumination not being as widely utilized relative to other diagnostic tests (72%), practitioners who used more than one pulp testing method for diagnosis also utilized transillumination for caries diagnosis and for all cases during endodontic or restorative treatment (Table 10 ). These findings collectively indicate that there is a subset of the dental community with a favourable approach to detailed collection of information prior to picking up a handpiece, thus reflecting a meticulous attitude to diagnosis.
Limitations of the study
The reliance on ADA branches to disseminate the survey to their respective members resulted in the inability to obtain an accurate indication of how many invitations were sent and/or read by dentists. First, not all ADA branches provided confirmation of survey dissemination. Second, the number of unsuccessfully delivered email invitations was unknown. Third, successful invitations might not have translated into participation, as some practitioners might have decided not to participate and others might not have read the invitation. Despite not being able to obtain an accurate denominator regarding the number of invitations to participate, the non-specific approach used in the recruitment of dental practitioners reduced recruitment bias and reflects the number of respondents that are apathetic towards dental research.
This study deliberately omitted the frequency of diagnostic test use. Obtaining data regarding the frequency of use of specific diagnostic tests may allow comparison of use between different diagnostic tests. However, the frequency of use of diagnostic tests is scenario dependent and variable, thus limiting the ability to compare tests. However, it would be more practical to compare frequencies between subtypes of diagnostic tests (such as EPT and ethyl chloride) but this study did not investigate subtypes of diagnostic techniques in detail. For example, the study did not explore the use of specific pulp tests beyond their availability. Investigation of the utilization of these tests would have facilitated comparison with other studies.
Participation of dental practitioners in research is low. In this survey, the limited data did not make it feasible to draw specific associations for some aspects; for example, the location and year for when the practitioner's dental degree(s) was/were obtained might have had an impact on the utilization of diagnostic tests. Different institutions might have encouraged a preference for particular diagnostic procedures through their dental curriculum. In addition, further training and attendance at continuing professional development courses may also have an effect on individual practitioners' preferences. It was not feasible to draw associations regarding these effects given the limited data obtained.
In order to encourage research participation, an effort was made to design an effective but concise survey. It remains a challenge to design brief and convenient survey questions while maintaining sufficient depth to generate quality data. The survey did not seek the reasons underlying specific responses. For example, 20% of GDP indicated that they would conduct pulp sensibility testing 'prior to routine restorations' but further information such as restoration type and depth were not included. A request for excessive elaboration on more specific reasons for each scenario may deter practitioners from participation, thus only a basic amount of data was collected. This study attempted to maximize participation for the survey questionnaire so limitations in the extent of information collected were inevitable.
CONCLUSIONS
A wider use of diagnostic tools is generally required by dental practitioners in Australia. This study detected a disparity between the availability and usage of diagnostic tests (especially with light transillumination). None of the scenarios presented resulted in pulp testing from all respondents, which defied the expectation that GDP should routinely perform specific diagnostic tests for various scenarios. Dental practitioners should use and rely on diagnostic tests more as they provide valuable information. The thorough collection of diagnostic information is crucial as it facilitates accurate management of dental conditions, improved patient outcomes and mitigation of medicolegal risk.
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